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Framingham Study Introduction-1 


INTRODUCTION 

The tables in Sections 9 through 22 present for the l-year 
Follow-up of the Framingham Study--by sex, age at Exam, and level of 
characteristic at Exam--the population at risk of an event and the 
incidence of that event. Tables numbered with the letter A show the 
data in ten-year age groups, for range 35 to 64 years; tables numbered 
with the letter B show the data in five-year age groups, for range 
29-74 years. The number preceding the letter, in the table number, 
designates a population table (Table 9-A or Table 9-B) or an incidence 
table (Tables 10-A to 22-A, or Tables 10-B to 22-B). The number fol- 
lowing the letter designates the characteristic. 

Within each section appear 22 tables for the characteristics: 


-1 Alcohol Consumed 

-2 Blood Pressure, First Examiner, Systolic 
=-3 Blood Pressure, First Examiner, Diastolic 
-4 Blood Sugar 

-5 Serum Cholesterol 

-6 Cigarettes Smoked 

-( Framingham Relative Weight 

-8 Hematocrit 

-9 Hemoglobin 
-10 Phospholipid 
-11 Uric Acid 
-12 Vital Capacity 

-13 Weight 
-14 Abnormal Electrocardiogram 
-15 Left Ventricular Hypertrophy 

-16 Nonspecific T-wave Abnormality by Electrocardiogram 
-17 Smoking Now 
-18 Urine Albumin 
-19 Urine Sugar 

-20 Generalized Cardiac Enlargement by X-ray 
-2l Heart Enlargement by X-ray 
-22 Left Ventricular Hypertrophy by X-ray 
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See Section 3-Notes for a description of these characteristics. The 
levels shown for the characteristic in the stub of a table cover the 
range of the characteristic. Following the levels, "Unknown" means 
that the subject took the Exam but was not assigned a characteristic 
value, "No Exam" means that the subject did not take the Exam. 

Section 9 shows the number of subjects at Exam 

alive, 

with coronary heart disease, 

with cerebrovascular accident, 

With intermittent claudication, 

with congestive heart failure. 
See Section 8-Criteria for diagnosis of a specified event. Prevalence 
of coronary heart disease at Exam is defined as the number of subjects 
alive at Exam with pre-existing coronary heart disease at Exam 1 or 
with definite coronary heart disease developed before Exam. Prevalence 
of cerebrovascular accident is the number of subjects alive at Exam with 
definite or doubtful CVA at Exam 1 or with definite CVA developed before 
Exam. Prevalence of intermittent claudication is the number of subjects 
alive at Exam with definite IC at Exam 1 or with definite IC developed 
before Exam. Prevalence of congestive heart failure is the number of 
subjects alive at Exam with definite or doubtful CHF at Exam 1 or with 
definite CHF developed before Exam. 

Population at risk of developing a specified event may be deter- 
mined by subtracting from the population alive at Exam the prevalence, 
as indicated in following comments relating to incidence of the event. 

Sections 10 through 22 show data for incidence of 13 events: 

Table 1LO- Coronary Heart Disease 


Table 1l- Myocardial Infarction 
Table 12- Angina Pectoris Uncomplicated 


Framingham Study Introduction-3 

Table 13- Sudden Death from Coronary Heart Disease 

Table 1l4- Non-Sudden Death from Coronary Heart Disease 

Table 15- Cerebrovascular Accident 

Table 16- Brain Infarction 

Table 17- Intermittent Claudication 

Table 18- Congestive Heart Failure 

Table 19- Death 

Table 20- Death from Coronary Heart Disease 

Table 2l- Death from Cardiovascular Disease other than CHD 

Table 22- Death from Cause other than Cardiovascular Disease 
See Section 8-Criteria for diagnosis of specified event. Note that 
the event angina pectoris uncomplicated is the occurrence of definite 
angina pectoris in an Exam interval without definite myocardial infarc- 
tion or definite coronary insufficiency occurring before or in the same 
Exam interval. 


An incidence table shows: 


1) Number of subjects in population at risk at Exam who develop 
the event in the interval from Exam to end of follow-up.-- 


Subjects with pre-existing CHD at Exam 1 or with definite CHD developed 
before Exam are excluded from the population at risk where the event is 
CHD or one of its four manifestations listed above (Table 10- through 
Table 14-). Subjects with definite or doubtful CVA at Exam 1 or with 
definite CVA developed before Exam are excluded from the population at 
risk where the event is cerebrovascular accident (Table 15-) or brain 
infarction (Table 16-). Subjects with definite intermittent claudica- 
tion at Exam 1 or developed before Exam are excluded from the population 
at risk of intermittent claudication (Table 17-). Subjects with defi- 
nite or doubtful congestive heart failure at Exam 1 or with definite 
congestive heart failure developed before Exam are excluded from the 


population at risk of CHF (Table 18-). All subjects alive at Exam are 
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included in the population at risk of death (Tables 19- through 22-). 


"incidence in interval after 


Note that some columns are blank for 
Exam" for age groups 29-34, 35-39, 65-69, and 70-74. This is done 
because no subjects in these age groups were alive at that particular 


Exam. 


2) Number of subjects defined as above per 1,000 population at 
risk at Exam.-- 


1 


Note that some columns are blank for "incidence rate per 1,000 in 
interval after Exam" for age groups 29-34, 35-39, 65-69, and 70-74. 
Here a blank column indicates that the number of subjects for both men 
and women is less than 50 alive at that particular Exam and in that 
age group. Whenever the population at risk is zero, asterisks are 
shown for the rate. 

3) Average annual rate.-- 
A rate is formed by putting in the numerator the number of subjects in 
population at risk at Exam who develop the event in the interval from 
Exam to next Exam, summed over the first seven Exams, and putting in 
the denominator the population at risk at Exam, summed over the first 
seven Exams. To put the rate on an annual basis it is divided by two 
(since the Study subjects were examined biennially). If the event 
involves death (Tables 13-, L4-, 19-, 20-, 2l-, 22-) population at 
risk at Exam 1 excludes volunteer subjects (since they had to take 
Exam 2 before being added to the Study). If the characteristic is 
missing from the Exam procedure (for example, Phospholipid at Exam 5 


and at Exam 6) but is included in the procedure for an earlier Exam, a 
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subject in the population at risk at that Exam is assigned the char- 
acteristic value he had on the earlier Exam. Whenever the population 
at risk is zero, asterisks are shown for the rate. 
4) Slope and standard error of slope.-- 
To afford a measure of the association between increased risk of the 
event and elevated levels of the characteristic, the linear discrimi- 
nant function coefficient b is shown in the table along with its 
standard error. Coefficient b appears as the slope in the equation, 
Ma(e/enh= a) Ht bx 
where 
P = risk function denoting the proportion of subjects at risk of 
event with characteristic value of X who develop the event 
within the interval 
@e=el = P 
X = know value of characteristic 
b = (m - m)/s* 


m,= mean value of characteristic for subjects who develop the 
event within the interval 


Mo= mean value of characteristic for subjects who do not develop 
the event within the interval 


s“= pooled estimate of variance of characteristic 
= [2X7 + DG * - (2K )P/no - (5% )?/m ]/(no + m - 2) 
ny = number of subjects who develop the event in the interval 
No= number of subjects who do not develop the event in the interval 
a = -In(no/m ) - bl(m + m )/2] 
(Reference: Cornfield, J.: Joint dependence of risk of coronary heart 


disease on serum cholesterol and systolic blood pressure: a discriminant 
function analysis, Federation Proceedings, Vol. 21, pages 58-61, 1962.) 
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Assumptions are involved in this model, namely that the charac- 
teristic has a normal frequency distribution in both the subjects who 
develop the event and the subjects who do not develop the event, and 
that the variances in these two groups are the same. None of the 
characteristics in the Study appearing as a continuous variable (for 
example, blood pressure ) has a normal distribution; however, all but 
one are somewhat bell-shaped--the characteristic alcohol consumed has 
an L-shape distribution. Values have been assigned for the discrete 
variables. The levels are O,1 kb, 2.-and\S/mor characteristicieisamerves 
smoked (-6); 0, 1, and 2 for characteristics -14, -15, -16, -18, -19, 
-20, -21, -22; O and 1 for characteristic smoking now (-17). Cer- 
tainly none of these characteristics has a normal distribution. 

The variance of the discriminant function coefficient b is esti- 
mated by 

Var(b) = (1/no + L/m }/s* 
The standard error of b shown in the table is the square root of the 
estimated variance. 

Slope and standard error are shown both fcr incidence from Exam to 
end of follow-up and for average incidence from Exam to next Exam. The 
group of subjects who develop the event in the interval is clearly dis- 
tinct from the group of subjects who do not develop the event in the 
interval when the interval is between Exam and end of follow-up. But 
when the interval is between Exams and the seven intervals are summed 
the resulting groups may contain some of the same subjects. Because 
the observations are not independent, the standard error as computed 


is not precisely defined and should be considered as a first 
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approximation to a correct standard error for the average incidence. 

Asterisks are shown for the slope and standard error when the 
number Of subjects is less than three for either the group developing 
event or the group not developing event, or when the variance of 


characteristic is zero. 
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